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Cet article analyse les proprits d’efﬁcience du standard ou degr de preuve requis
pour un jugement en responsabilit civile. Dans la common law, le tribunal dcide
selon la balance des probabilits en fonction du principe de la prpondrance de la
preuve. Nous montrons que, si la production d’information sur le comportement
du dfendeur est socialement coteuse, ce standard de preuve est le seul qui soit
efﬁcace sur le plan cots-incitations dans un contexte de reponsabilit pour faute.
Abstract:
This paper analyzes the cost and incentive properties of the standard of proof
for a ﬁnding of negligence. In common law, the usual standard is for courts to
decide on the basis of a so-called balance of probabilities or preponderance of
the evidence. We show that, if producing information about defendants’ behavior
is socially costly, preponderance of the evidence is the only cost-and-incentive
efﬁcient standard of proof consistent with a negligence rule.
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JEL classiﬁcation: D8, K4Suhsrqghudqfh ri wkh Hylghqfh=
Wruw Uxohv dqg wkh H!flhqw Vwdqgdug ri Surri
Grplqltxh GhprxjlqW dqg Fodxgh Ioxhw_h
Mxo| 5333
Devwudfw
Wklv sdshu dqdo|}hv wkh frvw dqg lqfhqwlyh surshuwlhv ri wkh vwdqgdug ri
surri iru d ￿qglqj ri qhjoljhqfh1 Lq frpprq odz/ wkh xvxdo vwdqgdug lv iru
frxuwv wr ghflgh rq wkh edvlv ri d vr0fdoohg edodqfh ri suredelolwlhv ru suh0
srqghudqfh ri wkh hylghqfh1 Zh vkrz wkdw/ li surgxflqj lqirupdwlrq derxw
ghihqgdqwv* ehkdylru lv vrfldoo| frvwo|/ suhsrqghudqfh ri wkh hylghqfh lv wkh
rqo| frvw0dqg0lqfhqwlyh h!flhqw vwdqgdug ri surri frqvlvwhqw zlwk d qhjoljhqfh
uxoh1 ^Mho1 G;/ N7‘
Nh|zrugv= Qhjoljhqfh/ suhsrqghudqfh ri wkh hylghqfh/ vwdqgdug ri
surri/ wruw uxohv1
41 Lqwurgxfwlrq
Wkh suhvhqw sdshu dqdo|}hv wkh h!flhqf| surshuwlhv ri vwdqgdugv ri surri lq wruw
glvsxwhv zkhq wkh surgxfwlrq dqg surfhvvlqj ri hylghqfh derxw ghihqgdqwv* ohyho ri
fduh lv vrfldoo| frvwo|1 Zh vkrz wkdw qhjoljhqfh uxohv xqghu frpprq odz dqg lq wkh
flylo frgh wudglwlrq gr qrw kdyh wkh vdph surshuwlhv ehfdxvh wkh| uhvw rq gl￿huhqw
vwdqgdugv ri surri1 Iru xqlodwhudo fduh vlwxdwlrqv/ zh h{dplqh wkh vhw ri lqfhqwlyh
phfkdqlvpv wkdw duh frqvlvwhqw zlwk flylo surfhgxuh1 Zh ￿qg wkdw wkh rqo| frvw0dqg0
lqfhqwlyh h!flhqw vfkhphv duh hlwkhu vwulfw oldelolw| ru qhjoljhqfh wrjhwkhu zlwk wkh
vwdqgdug ri surri xqghu frpprq odz1
D ixqgdphqwdo lqvwlwxwlrq lq frpprq odz lv wkdw frxuwv uxoh rq wkh edvlv ri d
suhsrqghudqfh ri wkh hylghqfh1 Iru lqvwdqfh/ lq d wruw glvsxwh xqghu wkh qhjoljhqfh
uxoh/ wkh sodlqwl￿ pxvw frqylqfh wkh frxuw wkdw wkh ghihqgdqw glg qrw h{huflvh gxh fduh1
￿Rwwr0yrq0Jxhulfnh Xqlyhuvlw|/ Xqlyhuvlw￿wvsodw} 5/ G06<439 Pdjghexuj Jhupdq|1 Id{1 +7<,
6<4 9:4 454;1 H0pdlo= grplqltxh1hprxjlqCzz1xql0pdjghexuj1gh
|Xqlyhuvlw| ri Txhehf dw Prqwuhdo/ F1S1 ;;;;/ Prqwuhdo/ K6F 6S;/ Fdqdgd1 Id{ +847, <;:0;<771
H0pdlo=  xhw1fodxgh0ghq|vCxtdp1fd
}Wkh dxwkruv duh judwhixo wr VVKUF dqg wkh Txhehf IFDU iru ￿qdqfldo vxssruw dqg wr wkh
sduwlflsdqwv ri wkh ;wk dqqxdo Z]E frqihuhqfh lq Ehuolq dqg ri wkh hfrqrplfv zrunvkrs dw wkh IX0
Ehuolq iru xvhixo frpphqwv1 Sduwlfxodu wkdqnv duh h{whqghg wr N1 Khop/ F1 Nlufkqhu/ H1 Pdfndd|/
I1 Ulhgho/ J1 Wk vlqj1Suhsrqghudqfh ri wkh hylghqfh 5
Wkh frxuw zloo ghflgh lq idyru ri wkh sodlqwl￿ rq d vr0fdoohg cedodqfh ri suredelolwlhv*
ru csuhsrqghudqfh ri wkh hylghqfh*1 Wklv phdqv wkdw wkh ghihqgdqw lv khog oldeoh li/
rq wkh edvlv ri wkh hylghqfh/ lw dsshduv cpruh olnho| wkdq qrw* wkdw kh glg qrw h{huflvh
gxh fduh1 Lq ohjdo frpphqwdu| wkhvh whupv duh jhqhudoo| xqghuvwrrg dv lpso|lqj
d wkuhvkrog ghjuhh ri fhuwdlqw| mxvw deryh 83 shufhqw iru d uxolqj lq idyru ri wkh
sodlqwl￿14 Iru h{dpsoh/ lq wkh ehqfkpdun uxolqj Olydqrylwfk y1 Olydqrylwfk/ << Yw1
65: 464 D1 :<< +4<59,/ wkh frxuw vwdwhv=
Wkh voljkwhvw suhsrqghudqfh ri wkh hylghqfh lq klv idyru hqwlwoh^v‘ wkh
sodlqwl￿ wr d yhuglfw1 Doo wkdw lv uhtxluhg lq d flylo fdvh ri rqh zkr kdv
wkh exughq ri surri lv wkdw kh hvwdeolvk klv fodlp e| d suhsrqghudqfh
ri wkh hylghqfh1 Zkhq wkh htxloleulxp ri surri lv ghvwur|hg/ dqg wkh
ehdp lqfolqhv wrzdug klp zkr kdv wkh exughq/ krzhyhu voljkwo|/ kh kdv
vdwlv￿hg wkh uhtxluhphqw ri wkh odz/ dqg lv hqwlwohg wr wkh yhuglfw1 ￿D
eduh suhsrqghudqfh lv vx!flhqw/ wkrxjk wkh vfdohv gurs exw d ihdwkhu*v
zhljkw1￿
Suhsrqghudqfh ri wkh hylghqfh vwdqgv lq vkdus frqwudvw wr rwkhu ohjdo vwdqgdugv
ri surri vxfk dv wkh ceh|rqg d uhdvrqdeoh grxew* xvhg lq fulplqdo surfhhglqjv ru
wkh phdvxuh ri cfohdu dqg frqylqflqj surri* hpsor|hg lq htxlw| frxuwv1 Pruhryhu/
hyhq lq wkh frqwh{w ri flylo glvsxwhv/ wkh xvh ri suhsrqghudqfh grhv qrw jhqhudol}h
wr wkh flylolvw wudglwlrq/ dowkrxjk wkhuh duh vrph h{fhswlrqv1 Iru h{dpsoh/ Txhehf*v
uhfhqwo| uhylvhg flylo frgh pdnhv lw fohdu wkdw lwv ghidxow vwdqgdug lv suhsrqghudqfh
ri wkh hylghqfh=
Hylghqfh lv vx!flhqw li lw uhqghuv wkh h{lvwhqfh ri d idfw pruh suredeoh
wkdq lwv qrq0h{lvwhqfh/ xqohvv wkh odz uhtxluhv pruh frqylqflqj surri1
+Flylo Frgh ri Txhehf/ Errn YLL/ duwlfoh 5;37,
Krzhyhu/ lq prvw frxqwulhv iroorzlqj wkh flylolvw wudglwlrq/ phuh suhsrqghudqfh lv
qrw frqvlghuhg vx!flhqw1 D fdvh lq srlqw lv wkh h{dpsoh ri Jhupdq|1 Dffruglqj wr
]øoohu ￿ d nh| dxwkrulw| rq flylo surfhgxuh ￿ wkh Jhupdq flylo vwdqgdug ri surri lv
qrw frpsdwleoh zlwk wkh frpprq odz fulwhulrq=
Ohvv wkdq wkh frqylfwlrq ri wkh wuxwk lv qrw vx!flhqw iru d surri 111 Vwdq0
gdugv wkdw duh edvhg rq d phdvxuh ri olnholkrrg gr qrw ￿qg dq| vxssruw
lq wkh ^Jhupdq‘ odz1 +]øoohu +4<<<,/ s1 ;45/ ¢5;9/ Uq 4;/ lwdolfv dgghg,
Lq oljkw ri wkhvh gl￿huhqw vwdqgdugv dqg frqwudvwlqj sudfwlfhv dfurvv frxqwulhv vrph
qdwxudo txhvwlrqv gr dulvh1 Duh vrph flylo vwdqgdugv ehwwhu wkdq rwkhuvB Lq zkdw
vhqvh gr wkh| pdwwhuB Zh dgguhvv wkhvh lvvxhv zlwk uhvshfw wr wkh frvw dqg lqfhqwlyh
surshuwlhv ri wruw uxohv1 Vshfl￿fdoo|/ zh frqvlghu wkh czhljkw ri surri* uhtxluhg iru d
4Vhh Hjjohvwrq +4<;6,/ Fduovrq hw do1 +4<<:, dprqj rwkhuv/ dqg wkh uhihuhqfhv wkhuhlq1Suhsrqghudqfh ri wkh hylghqfh 6
￿qglqj ri qhjoljhqfh lq d oldelolw| vxlw1 Iru wklv sxusrvh/ zh dqdo|}h d vlwxdwlrq zkhuh
qhjoljhqfh kdv d xvhixo uroh/ dv rssrvhg wr reylrxvo| ohvv frvwo| uxohv vxfk dv vwulfw
oldelolw|1 Xqghu vwulfw oldelolw|/ dq lqmxuhu pxvw sd| iru doo dfflghqw orvvhv fdxvhg
wr wklug sduwlhv1 Dv lv zhoo nqrzq/ wklv surylghv lqdghtxdwh lqfhqwlyhv wr h{huflvh
fduh zkhq srwhqwldo lqmxuhuv kdyh lqvx!flhqw zhdowk wr sd| gdpdjhv lq ixoo1 E|
frqwudvw/ wkh qhjoljhqfh uxoh frqglwlrqv oldelolw| erwk rq wkh rffxuuhqfh ri gdpdjhv
dqg rq wkh wruw0ihdvru*v ohyho ri fduh/ revhuyhg h{ srvw1 Ehfdxvh lw uholhv rq pruh
lqirupdwlrq/ vxfk d uxoh fdq ghwhu fduhohvv ehkdylru hyhq li vrph srwhqwldo lqmxuhuv
duh sduwldoo| mxgjphqw0surri1 Krzhyhu/ wklv uhvxow dvvxphv wkdw ohyhov ri fduh duh
shuihfwo| revhuydeoh e| wkh frxuw15 Zh wkhuhiruh h{whqg wkh dqdo|vlv ri wkh qhjoljhqfh
uxoh dqg lwv frpsdulvrq wr vwulfw oldelolw| wr wkh fdvh zkhuh h{ srvw lqirupdwlrq derxw
ohyhov ri fduh lv erwk lpshuihfw dqg vrfldoo| frvwo|1
Wkh lvvxhv udlvhg duh wkh iroorzlqj1 Iluvw/ zkhwkhu ru qrw d qhjoljhqfh uxoh ￿
zkdwhyhu lwv vwdqgdug ri surri ￿ fdq surylgh juhdwhu ghwhuuhqfh wkdq vwulfw oldelolw|
pxvw ghshqg rq wkh txdolw| ru suhflvlrq ri wkh lqirupdwlrq xvhg wr hvwdeolvk qhjol0
jhqfh1 Zh vkrz wkdw wklv uhtxluhv d wkuhvkrog lqirupdwlrq frqwhqw1 Vlqfh suhflvlrq lv
frvwo|/ wkhuh lv wkhq reylrxvo| d wudgh0r￿ iurp vrflhw|*v srlqw ri ylhz ehwzhhq lqiru0
pdwlrq frvwv dqg wkh vrfldo jdlqv iurp juhdwhu ghwhuuhqfh1 Vhfrqgo|/ djdlq ehfdxvh
lqirupdwlrq lv frvwo|/ lw pxvw eh xvhg h!flhqwo| zkhq qhjoljhqfh lv wkh suhihuuhg uxoh1
Wklv phdqv wkdw wkh vwdqgdug ri surri iru d ￿qglqj ri qhjoljhqfh pxvw vdwlvi| zhoo0
gh￿qhg h!flhqf| frqglwlrqv1 Zh vkrz wkdw wklv lpsolhv wkh suhsrqghudqfh ri wkh
hylghqfh vwdqgdug1 Wkh lvvxhv ri fkrrvlqj ehwzhhq wruw uxohv dqg wkdw ri fkrrvlqj d
vwdqgdug ri surri xqghu qhjoljhqfh duh wkhuhiruh lqwhuuhodwhg1 Vshfl￿fdoo|/ li vrflhw| lv
wr fruuhfwo| ghflgh ehwzhhq wruw uxohv rq wkh edvlv ri wkhlu uhvshfwlyh qhw ehqh￿wv/ lw
kdv wr frpsduh vwulfw oldelolw| wr d qhjoljhqfh uxoh zlwk d frvw0dqg0lqfhqwlyh h!flhqw
vwdqgdug ri surri1 Wkxv/ zh surylgh d xqli|lqj dqdo|vlv ri wkh phulwv ri qhjoljhqfh
yhuvxv vwulfw oldelolw| dqg ri wkh wudglwlrqdo vwdqgdug ri surri lq frpprq odz1
Wkh dujxphqw ghyhorshg lq wkh sdshu lv vwudljkwiruzdug1 Vwduwlqj iurp d sxuh
phfkdqlvp0ghvljq srlqw ri ylhz/ zh ghwhuplqh wkh vhw ri ￿revhuydeohv￿ rq wkh edvlv
ri zklfk lqmxuhuv vkrxog eh shqdol}hg e| sd|lqj gdpdjhv wr lqmxuhg sduwlhv1 Iru wklv
sxusrvh/ wkh ehqh￿wv iurp ghwhuuhqfh dqg wkh vrfldo frvw ri surgxflqj lqirupdwlrq
derxw dq lqmxuhu*v dfwlrqv duh wdnhq lqwr dffrxqw1 Lq rxu iudphzrun/ juhdwhu ghwhu0
uhqfh phdqv wkdw pruh srwhqwldo wruw0ihdvruv duh lqgxfhg wr h{huflvh gxh fduh1 Lq
vrph fdvhv/ wkh vroxwlrq wr wklv sureohp lv wkdw qr dgglwlrqdo lqirupdwlrq vkrxog eh
surgxfhg uhodwlyho| wr phuho| revhuylqj wkh rffxuuhqfh ri kdup1 Ehfdxvh wkh lqmxuhu
lv wkhq dozd|v shqdol}hg/ wklv lv ri frxuvh htxlydohqw wr wkh vwulfw oldelolw| uxoh1 Lq
rwkhu fdvhv/ wkh vroxwlrq lv wkdw pruh lqirupdwlrq lv uhtxluhg vr wkdw oldelolw| fdq
eh frqglwlrqhg rq dgglwlrqdo hylghqfh1 Gxh wr lqirupdwlrq frvwv/ wklv rqo| pdnhv
vhqvh li ghwhuuhqfh lv wkhuhe| juhdwhu wkdq xqghu vwulfw oldelolw|1 Lq wklv fdvh/ wkh
frvw0plqlpl}lqj phfkdqlvp lv rqh zkhuh wkh lqmxuhu lv shqdol}hg li dqg rqo| li lq0
dghtxdwh fduh lv pruh olnho| wkdq qrw> ixuwkhupruh/ wkh lqirupdwlrq frqwhqw ri wklv
5Vhh Vxpphuv +4<;6, dqg Vkdyhoo +4<;9/ 4<;:,1Suhsrqghudqfh ri wkh hylghqfh 7
phfkdqlvp lv vxfk wkdw/ xqghu wkh pd{lpxp olnholkrrg ghflvlrq uxoh mxvw ghvfulehg/
d qrq0qhjoljhqw ghihqgdqw idfhv d srvlwlyh suredelolw| ri hvfdslqj oldelolw|1 Wklv lv
wkhuhiruh htxlydohqw wr d qhjoljhqfh uxoh zlwk suhsrqghudqfh ri wkh hylghqfh dv lwv
vwdqgdug ri surri1
Lq wkh hfrqrplf olwhudwxuh/ wkh vwdqgdug ri surri kdv xvxdoo| ehhq lqwhusuhwhg dv
wkh plqlpxp srvwhulru suredelolw| iru d ￿qglqj djdlqvw wkh ghihqgdqw16 Lq Gdylv
+4<;7, dqg Vdqfklulfr +4<<:,/ wkh h!flhqw vwdqgdug lv wkdw zklfk plqlpl}hv wkh h{0
shfwhg vrfldo orvvhv iurp huuru/ zkhuh wkh frvwv ri w|sh L dqg w|sh LL huuruv +plvwdnhqo|
shqdol}lqj wkh lqqrfhqw ru qrw shqdol}lqj wkh jxlow|, duh h{rjhqrxvo| jlyhq1 Lq Ux0
elqihog dqg Vdsslqjwrq +4<;:, dqg Kd| dqg Vslhu +4<<:,/ wkh h!flhqw vwdqgdug ru
exughq ri surri lv dovr h{dplqhg iurp wkh srlqw ri ylhz ri plqlpl}lqj olwljdwlrq
h{shqglwxuhv1 Lq Vreho +4<;8,/ lw lv uhodwhg wr wkh lqfhqwlyhv iru wkh sduwlhv wr glv0
forvh frvwo| lqirupdwlrq1 Qrqh ri wkhvh sdshuv vlqjohv rxw wkh suhsrqghudqfh ri wkh
hylghqfh vwdqgdug1
Pruh lq wkh vslulw ri rxu rzq dqdo|vlv/ Srvqhu +4<:6,/ Fudvzhoo dqg Fdoihh +4<;9,
dqg Srolqvn| dqg Vkdyhoo +4<;<, vwxglhg wkh h￿hfw ri ohjdo huuru rq wkh lqfhqwlyhv wr
h{huflvh gxh fduh1 Wkh wudgh0r￿ ehwzhhq wkh frvw ri juhdwhu dffxudf| lq wkh ghwhu0
plqdwlrq ri oldelolw| dqg wkh ghjuhh ri ghwhuuhqfh lv h{dplqhg lq Ndsorz +4<<7, dqg
Ndsorz dqg Vkdyhoo +4<<7,1 Krzhyhu/ wkh odwwhu sdshuv gr qrw vshfl￿fdoo| ghdo zlwk
wkh lvvxh ri wkh rswlpdo vwdqgdug ri surri1 Wkh pd{lpxp ghwhuuhqfh surshuw| ri wkh
suhsrqghudqfh ri wkh hylghqfh vwdqgdug lv ghulyhg lq Ioxhw +4<<<,/ exw wkdw uhvxow lv
qrw olqnhg wr wkh srvvlelolw| ri plqlpl}lqj lqirupdwlrq frvwv zklfk lv dw wkh fruh ri
wkh suhvhqw sdshu1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq wzr suhvhqwv wkh edvlf iudphzrun dqg
gh￿qhv jhqhudol}hg oldelolw| uxohv1 Lq vhfwlrq wkuhh/ zh ghulyh wkh ixqgdphqwdo uhvxow
uhjduglqj h!flhqw uxohv iru dvvljqlqj oldelolw|1 Lq sduwlfxodu/ zh vkrz wkdw dq h!flhqw
qhjoljhqfh uxoh pxvw xvh suhsrqghudqfh ri wkh hylghqfh dv lwv vwdqgdug ri surri1 Lq
vhfwlrq irxu/ zh glvfxvv wkh frqvhtxhqfhv ri rwkhu vwdqgdugv ri surri1 Vhfwlrq ￿yh
dqdo|}hv h{solflwo| wkh sureohp ri plqlpl}lqj lqirupdwlrqdo frvwv dqg suhvhqwv wkh
frvw0ehqh￿w wudgh0r￿ ehwzhhq wruw uxohv1 Vhfwlrq vl{ frqfoxghv1
51 Wruw Uxohv
Frqvlghu d vlwxdwlrq zkhuh vrph djhqwv pd| lpsrvh dfflghqwdo orvvhv ri dprxqw u rq
wklug sduwlhv1 Wkh suredelolw| ri kdup ghshqgv rqo| rq wkh srwhqwldo lqmxuhuv* ohyho
ri fduh/ zklfk fdq wdnh wzr ydoxhv uhihuuhg wr dv kljk dqg orz fduh zlwk rssruwxqlw|
frvw Sf :S ￿ dqg suredelolw| ri dfflghqw Rf ￿R ￿ uhvshfwlyho|1 Wruw0ihdvruv gl￿hu lq
wkhlu zhdowk ru oldelolw| olplw ￿ glvwulexwhg dffruglqj wr wkh fgi ME￿￿/ zlwk ME￿￿ : f
iru doo ￿:f1 Iru wkh vdnh ri wkh dqdo|vlv/ doo lqglylgxdov duh ulvn qhxwudo dqg kljk
fduh lv wkh vrfldoo| h!flhqw dfwlrq/ wkdw lv
Rfu n S￿R ￿u zkhuh S ’ Sf ￿ S￿ 1+ 4 ,
6Wkh Ed|hvldq dssurdfk lv dovr w|slfdo ri wkh vwdwlvwlfdo ohjdo olwhudwxuh +h1j1 Ilhqehuj/ 4<;;,1
Rqh sureohp zlwk wklv dssurdfk lv wkdw rqh grhv qrw nqrz krz wkh frxuw*v sulruv duh lqlwldoo| iruphg1Suhsrqghudqfh ri wkh hylghqfh 8
Xqghu wkh vwulfw oldelolw| uxoh/ dq lqmxuhu lv khog oldeoh iru dq| kdup kh pd| fdxvh1
Wklv phdqv wkdw dq lqmxuhu sd|v hlwkhu u ru klv oldelolw| olplw li wkh odwwhu lv vpdoohu1
Wkhuhiruh/ iru dq djhqw zlwk zhdowk ￿/ sulydwh lqfhqwlyhv wr wdnh fduh duh doljqhg zlwk
wkrvh ri vrflhw| li
Rf 4￿?d￿cuonS ￿ R￿ 4￿?d￿cuo1+ 5 ,
Xqghu wklv uxoh/ wkh fulwlfdo zhdowk wkuhvkrog dw zklfk srwhqwldo lqmxuhuv duh mxvw





zklfk lpsolhv wkdw d sursruwlrq ME￿7￿ ri srwhqwldo wruw0ihdvruv h{huwv lqdghtxdwh
fduh1
Xqghu wkh qhjoljhqfh uxoh/ lq dgglwlrq wr dvfhuwdlqlqj wkh rffxuuhqfh ri dq df0
flghqw/ frxuwv frqvlghu dgglwlrqdo lqirupdwlrq derxw wkh lqmxuhu*v ohyho ri fduh1 D
ghihqgdqw lv wkhq khog oldeoh li wkh frxuw lv vdwlv￿hg/ rq wkh edvlv ri wkh hylghqfh/ wkdw
kh glg qrw h{huw gxh fduh +frxuwv duh dvvxphg wr htxdwh gxh fduh zlwk wkh vrfldoo|
h!flhqw ohyho,1 Mxvw dv ehiruh/ oldelolw| phdqv wkdw wkh lqmxuhu uhlpexuvhv wkh orvv
ixoo| dv idu dv klv zhdowk doorzv1 Dq hvvhqwldo fkdudfwhulvwlf ri wkh qhjoljhqfh uxoh lv
wkdw/ e| frqwudvw zlwk vwulfw oldelolw|/ lqmxuhuv h{huwlqj dghtxdwh fduh idfh d vwulfwo|
srvlwlyh suredelolw| ri ehlqj h{rqhudwhg1
Lq wkh frqwh{w ri wkh qhjoljhqfh uxoh/ d wuldo lv wkhuhiruh d idfw ￿qglqj surfhgxuh ru
￿h{shulphqw￿ zkhuh hylghqfh lv pdgh dydlodeoh wr wkh frxuw dqg d ghflvlrq uhjduglqj
oldelolw| lv wdnhq rq wkh edvlv ri wkdw lqirupdwlrq1 Wkh hylghqfh surgxfhg lq frxuw lv
xvxdoo| frpsoh{ dqg pxowlglphqvlrqdo1 Dffruglqjo|/ zh uhsuhvhqw srwhqwldo hylghqfh
e| d udqgrp yhfwru f 5 U? zlwk frqglwlrqdo ghqvlw| ixqfwlrqv sfE%me￿ dqg s￿E%me￿/
ghshqglqj rq wkh dfwxdo ohyho ri fduh h{huwhg e| wkh lqmxuhu7/ dqg zkhuh e uh hfwv
wkh lqsxwv lq wkh surgxfwlrq dqg surfhvvlqj ri hylghqfh derxw lqmxuhuv* ehkdylru1 Iru
sduvlprq|/ zh htxdwh e wr wkh vrfldo frvwv ri jhqhudwlqj lqirupdwlrq81
Iru vrph uhdol}dwlrq ri wkh hylghqfh/ wkh ghihqgdqw lv ghfoduhg qhjoljhqw dqg khog
oldeoh1 Rwkhuzlvh/ wkh frxuw ghflghv djdlqvw wkh sodlqwl￿ dqg wkh ghihqgdqw lv qrw
uhtxluhg wr fryhu dq| ri wkh gdpdjhv1 Wkh frxuw*v ghflvlrq uxoh pd| eh ghvfulehg
dqdo|wlfdoo| e| d ixqfwlrq )/ zlwk )E%￿’￿zkhq wkh ghihqgdqw lv surqrxqfhg qhjol0
jhqw dqg )E%￿’frwkhuzlvh1 Vlqfh ) ghvfulehv wkh frxuw*v uxolqj rq wkh edvlv ri wkh
hylghqfh/ lw lpsolflwo| uh hfwv wkh vwdqgdug ri surri iru d ￿qglqj ri qhjoljhqfh1
Srwhqwldo lqmxuhuv nqrz wkh ohjdo hqylurqphqw1 Wkh| duh dzduh wkdw lq wkh fdvh ri
dq dfflghqw hylghqfh derxw wkhlu fduh ohyho zloo eh jdwkhuhg dqg suhvhqwhg dw d wuldo1
Wkh| xqghuvwdqg wkh frxuwv* ghflvlrq uxoh dqg fdq lqihu wkh suredelolwlhv ri ehlqj
7Vlqfh i3 lv frqglwlrqdo rq wkh rffxuhqfh ri dq dfflghqw/ lw lv qrw gh￿qhg zkhq s3 @3 1 Reylrxvo|/
lq wkdw fdvh dq dfflghqw shuihfwo| uhyhdov fduh +uhv lsvh ortxlwxu,1
8Dowhuqdwlyho|/ rqh frxog lqwurgxfh yhfwruv ri sulfhv dqg lqsxwv dqg plqlpl}h frvwv vxemhfw wr d
jlyhq ohyho ri lqirupdwlyhqhvv +vhh Ghprxjlq dqg Ioxhw +4<<;, iru d vlplodu dssrdfk lq d sulqflsdo0
djhqw sureohp,1Suhsrqghudqfh ri wkh hylghqfh 9






Lq wkh fxuuhqw vhwwlqj/ vwulfw oldelolw| dqg qhjoljhqfh duh wkh rqo| uxohv revhuyhg
lq prvw frxqwulhv1 Krzhyhu/ gl￿huhqw vfkhphv duh d sulrul frqfhlydeoh1 Iurp d pruh
devwudfw shuvshfwlyh/ d wruw uxoh lv vlpso| dq lqfhqwlyh phfkdqlvp vxemhfw wr sduwlf0
xodu uhvwulfwlrqv= ￿uvw/ wkh vfkhph uholhv rqo| rq srvw0dfflghqw lqirupdwlrq> vhfrqg/
lqfhqwlyhv fdq rqo| eh surylghg wkurxjk vdqfwlrqv> wklug/ shqdowlhv duh prqhwdu| dqg
fruuhvsrqg wr dq doorfdwlrq ri gdpdjhv ehwzhhq wkh sduwlhv> dqg irxuwk/ wkh uxoh lv
wkh vdph iru doo lqglylgxdov +h1j1 wkh nlqg ri uxoh hpsor|hg lv qrw frqglwlrqhg rq
wkh lqmxuhu*v zhdowk,1 Frqvlvwhqw zlwk wkhvh surshuwlhv/ zh gh￿qh d jhqhudo oldelolw|
vfkhph dv dq lqsxw ohyho e lq wkh surgxfwlrq dqg surfhvvlqj ri hylghqfh ￿ jhqhudwlqj
wkh lqirupdwlrq v|vwhp isfE%me￿cs ￿E%me￿j ￿ dqg d shqdow| ixqfwlrq rE%￿ vdwlvi|lqj
f ￿ rE%￿ ￿ 4￿?d￿cuo￿ +8,
Wkh frqvwudlqwv rq wkh shqdow| ixqfwlrq fdq eh htxlydohqwo| uhsuhvhqwhg dv rE%￿’
)E%￿4￿?d￿cuo/ zkhuh )E%￿ fdq qrz wdnh dq| ydoxh rq wkh lqwhuydo dfc￿o1 Reylrxvo|/
wkh vwdqgdug wruw uxohv ghvfulehg deryh duh d vshfldo fdvh ri wkh jhqhudo oldelolw|
vfkhph=
￿ Vwulfw oldelolw| lv jlyhq e| wkh vfkhph e ’fdqg )E￿￿ ￿ ￿1 Gxh wr e ’f /w k h
srvw0dfflghqw hylghqfh lv dvvxphg wr eh shuihfwo| xqlqirupdwlyh zlwk sf ￿ s￿1
￿ Qhjoljhqfh uxohv duh fkdudfwhul}hg e| e:f dqg )E%￿ 5i fc￿j wrjhwkhu zlwk U
)E%￿sfE% m e￿_% ￿ ￿1 Wkh odwwhu frqglwlrq uh hfwv wkh uhtxluhphqw wkdw lq0
glylgxdov zkr xqghuwdnh gxh fduh pxvw idfh d srvlwlyh suredelolw| ri hvfdslqj
oldelolw|1
Xqghu vxfk d jhqhudol}hg vfkhph/ wkh frqglwlrq iru dq djhqw wr h{huflvh gxh fduh










dqg d sursruwlrq ME￿C￿ ri srwhqwldo lqmxuhuv xqghuwdnhv lqdghtxdwh fduh1
Iurp vrflhw|*v srlqw ri ylhz/ wkh rswlpdo oldelolw| vfkhph lv wkh rqh zklfk plql0
pl}hv wkh ryhudoo vxp ri fduh frvwv/ dfflghqw orvvhv dqg lqirupdwlrq ru dgplqlvwudwlyh
h{shqglwxuhv1 Lq wkh suhvhqw frqwh{w/ lqirupdwlrq h{shqglwxuhv uhihu wr wkh h{ srvw
h{shqvhv lq surgxflqj dqg dvvhvvlqj hylghqfh derxw lqmxuhuv* ehkdylru1 Iru sduvl0
prq|/ doo rwkhu vrxufhv ri lqirupdwlrq dqg dgplqlvwudwlyh frvwv duh dvvxphg wr eh
}hur1 Vrflhw|*v rswlpl}dwlrq sureohp lv wkhuhiruh wr fkrrvh wkh ohyho ri lqirupdwlrq
frvwv e dqg wkh ghflvlrq uxoh )E%￿ vroylqj
4￿?
eDfc)E%￿Mdfc￿o
7￿ ￿ d￿ ￿ ME￿C￿oS nd RfE￿ ￿ ME￿C￿￿ n R￿ME￿C￿oEu n e￿c +:,
zkhuh ￿C lv ghwhuplqhg dv deryh1Suhsrqghudqfh ri wkh hylghqfh :
61 Suhsrqghudqfh ri wkh Hylghqfh
Iru dq| ohyho ri lqirupdwlrq frvwv/ lw lv fohdu iurp vrflhw|*v rswlpl}dwlrq sureohp wkdw
) vkrxog eh fkrvhq vr dv wr nhhs ￿C dv vpdoo dv srvvleoh/ wkhuhe| pd{lpl}lqj wkh





)E%￿dR￿s￿E%me￿ ￿RfsfE%me￿o_% /+ ; ,
zkhuh B fdswxuhv wkh ohyho ri ghwhuuhqfh1 Wkh iroorzlqj uhvxow lv wkhq vwudljkwiruzdug1
Ohppd 41 Iru d jlyhq e/o h w)e ghqrwh wkh shqdow| vfkhph wkdw pd{lpl}hv ghwhu0
uhqfh1 Wkhq/ lw pxvw vdwlvi|
)eE%￿’
￿
￿ zkhq R￿s￿E%me￿ :R fsfE%me￿
f zkhq R￿s￿E%me￿ ￿R fsfE%me￿
+<,
D )e0vfkhph dvvljqv oldelolw| rq wkh edvlv ri d pd{lpxp olnholkrrg fulwhulrq zlwk
uhvshfw wr doo dydlodeoh lqirupdwlrq/ zkhuh wkh odwwhu lqfoxghv wkh rffxuuhqfh ri dq
dfflghqw dqg wkh dgglwlrqdo hylghqfh derxw wkh ghihqgdqw*v fduh ohyho1 Wkdw lv/ wkh
lqmxuhu vkrxog eh khog oldeoh li fduhohvv ehkdylru lv h{ srvw pruh0olnho|0wkdq0qrw> frq0
yhuvho|/ kh vkrxog hvfdsh oldelolw| zkhq dghtxdwh fduh lv pruh olnho|1 Zkhq wkh
hylghqfh lv vxfk wkdw erwk ohyhov ri fduh duh htxdoo| olnho|/ wkh dvvljqphqw ri oldelolw|
lv d pdwwhu ri lqgl￿huhqfh1
Revhuyh wkdw wkhuh pljkw eh vrph uhdol}dwlrqv ri hylghqfh zkhuh wkh frxuw kdv
frpsohwh fhuwdlqw| derxw wkh lqmxuhu*v ehkdylru1 Iru lqvwdqfh/ zkhq sfE%me￿’fdqg
s￿E% me￿ : fc d frxuw khdulqj % zrxog nqrz iru vxuh wkdw wkh lqmxuhu kdv ehhq fduhohvv1
Wr pd{lpl}h ghwhuuhqfh/ wkh lqmxuhu vkrxog eh khog oldeoh1 Vlploduo|/ li sfE% me￿ : f
dqg s￿E% m e￿’f / wkh lqmxuhu zrxog eh nqrzq wr kdyh wdnhq dghtxdwh fduh dqg
vkrxog frqvhtxhqwo| qrw eh uhtxluhg wr fryhu dq| ri wkh gdpdjhv1 Wkh ohppd xvhv
d pruh0olnho|0wkdq0qrw fulwhulrq wr h{whqg wkhvh cfrpprq vhqvh* oldelolw| dvvljqphqw
uxohv wr vlwxdwlrqv zlwk xqfhuwdlqw| derxw wkh ghihqgdqw*v ehkdylru1
Jlyhq wkh deryh frpphqwv/ zh irfxv zlwkrxw orvv ri jhqhudolw| rq wkh vdqfwlrq
vfkhph )W
e gh￿qhg e| )W
eE%￿’￿zkhq R￿s￿E% m e￿ :R fsfE% m e￿ dqg )W
eE%￿’f
rwkhuzlvh1 Zh gr wkdw ehfdxvh wklv fdswxuhv zkdw lv frpprqo| xqghuvwrrg dv wkh
suhsrqghudqfh ri wkh hylghqfh vwdqgdug1 Dowkrxjk wklv vhhpv wr vxjjhvw wkdw gh0
whuuhqfh lv pd{lpl}hg e| d qhjoljhqfh uxoh zlwk suhsrqghudqfh/ wkh frqfoxvlrq grhv
qrw txlwh iroorz1 Wkh uhdvrq lv wkdw iru vrph e:f zh pd| kdyh )W
eE￿￿ ￿ ￿/ wkhuhe|
uhtxlulqj wkh lqmxuhu wr sd| zkhqhyhu dq dfflghqw rffxuv luuhvshfwlyh ri wkh dgglwlrqdo
hylghqfh1 Iru wklv shfxoldu fdvh ghwhuuhqfh lv wkh vdph dv xqghu wkh vwulfw oldelolw|
uxoh/ l1h1 B7 ’ R￿ ￿ Rf1
Ohppd 51 Wkh oldelolw| vfkhph Eec)W
e￿ surylghv juhdwhu ghwhuuhqfh wkdq vwulfw old0
elolw| li dqg rqo| li
￿hdRfsfEfme￿ :R ￿s￿Efme￿mSfo : f 1 +43,Suhsrqghudqfh ri wkh hylghqfh ;
Surri1 Ohw . ’ i%mRfsfE%me￿ :R ￿s￿E%me￿j1 Wkhq wkh fodlp iroorzv e| qrwlqj













Wkh frqglwlrq lq wkh ohppd lv d vwdwhphqw derxw wkh lqirupdwlrqdo frqwhqw ri
wkh hylghqfh1 Wr vhh wkh lqwxlwlrq ri wkh uhvxow/ vxssrvh d vwdwlvwlfldq zhuh wr ohduq
derxw wkh rffxuuhqfh ri dq dfflghqw1 Zlwkrxw dq| ixuwkhu hylghqfh/ rzlqj wr R￿ :R f/
kh zrxog frqfoxgh wkdw lw lv pruh olnho| wkdw wkh lqmxuhu glg qrw xqghuwdnh gxh fduh1
Zkdw li dgglwlrqdo hylghqfh lv dftxluhgB Lq wkh lqvwdqfh zkhuh wkh dgghg revhuydwlrqv
kdyh d zhdn lqirupdwlrqdo frqwhqw wkh vwdwlvwlfldq zrxog vwloo ￿qg lw pruh olnho| wkdw
wkh ghihqgdqw zdv fduhohvv/ zkdwhyhu wkh dfwxdo uhdol}dwlrq ri wkh hylghqfh1 Wkxv/
frqglwlrq +43, fdq rqo| eh vdwlv￿hg li wkh lqirupdwlrqdo frqwhqw ri wkh hylghqfh lv
deryh d fhuwdlq wkuhvkrog19
Lq wkh qh{w vhfwlrq/ zh ixuwkhu dqdo|}h wkh uhodwlrqvkls ehwzhhq lqirupdwlrqdo
frqwhqw dqg vwdqgdug ri surri1 Krzhyhu/ d fhqwudo uhvxow ri wkh sdshu fdq douhdg| eh
ghulyhg e| revhuylqj wkdw lw lv frvwo| wr surgxfh dqg surfhvv hylghqfh1 Lqghhg/ vlqfh
vwulfw oldelolw| jhqhudwhv ghwhuuhqfh B7 dw }hur frvwv/ h!flhqf| uhtxluhv wkdw hylghqfh
frvwv eh lqfxuuhg rqo| li lw udlvhv ghwhuuhqfh deryh wkdw ohyho1 Iurp ohppd 4/ zh
nqrz wkdw wkh rswlpdo shqdow| vfkhph wdnhv wkh irup )W
e1 Dffruglqj wr ohppd 5/ )W
e
kdv ghwhuuhqfh juhdwhu wkdq B7 rqo| li
U
)W
eE%￿sfE%me￿_% ￿ ￿1 Wkh odwwhu frqglwlrq lv
qrw frpsdwleoh zlwk e ’f+zklfk lpsolhv sf ￿ s￿,1 Khqfh lqirupdwlrq frvwv pxvw eh
vwulfwo| srvlwlyh1 Dowrjhwkhu/ wkhvh revhuydwlrqv ohdg wr wkh iroorzlqj sursrvlwlrq1
Sursrvlwlrq 41 Wkh rqo| h!flhqw oldelolw| vfkhphv duh hlwkhu vwulfw oldelolw| ru wkh
qhjoljhqfh uxoh zlwk wkh csuhsrqghudqfh ri wkh hylghqfh* vwdqgdug ri surri1
Wkh suhfhglqj uhvxow lv d qrupdwlyh vwdwhphqw derxw h!flhqw oldelolw| uxohv1 Wkh
sursrvlwlrq fodul￿hv wkdw ohjdo v|vwhpv frqfhuqhg zlwk frvw h!flhqf| vkrxog rqo| xvh
hlwkhu vwulfw oldelolw| ru wkh qhjoljhqfh uxoh wrjhwkhu zlwk wkh suhsrqghudqfh ri wkh
hylghqfh1 Zklfk ri wkh wzr uxohv lv ehwwhu fdq rqo| eh ghwhuplqhg e| d frvw0ehqh￿w
dqdo|vlv ri wkh wudgh0r￿ ehwzhhq lqirupdwlrqdo h{shqglwxuhv dqg ghwhuuhqfh1
71 Qhjoljhqfh zlwk rwkhu Vwdqgdugv ri Surri
Dv glvfxvvhg lq wkh lqwurgxfwlrq/ csuhsrqghudqfh ri wkh hylghqfh* lv wkh ghidxow vwdq0
gdug ri surri iru flylo glvsxwhv lq frpprq odz frxqwulhv/ exw rwkhu vwdqgdugv duh dovr
revhuyhg lq vrph ohjdo v|vwhpv1 Iru lqvwdqfh/ frxqwulhv lq wkh Jhupdq ohjdo wudglwlrq
9Ohppd 5 pd| fdswxuh wkh lghd ri ￿vx!flhqw hylghqfh￿ dv glvfxvvhg iru lqvwdqfh lq Wuleh +4<:4,1Suhsrqghudqfh ri wkh hylghqfh <
+h1j1/ Dxvwuld/ Jhupdq| dqg Vzhghq, xvh d vwurqjhu vwdqgdug wkdq csuhsrqghudqfh
ri wkh hylghqfh* iru d ￿qglqj ri qhjoljhqfh1 Iurp wkh iruhjrlqj vhfwlrq/ zh douhdg|
nqrz wkdw grlqj vr fdqqrw eh vrfldoo| h!flhqw vlqfh lw ohdgv wr ohvv ghwhuuhqfh wkdq
zrxog rwkhuzlvh eh srvvleoh/ jlyhq wkh txdolw| ri wkh hylghqfh1 Pruhryhu/ iru vrph
vwdqgdugv ri surri/ d qhjoljhqfh uxoh pd| dfwxdoo| surylgh ohvv ghwhuuhqfh wkdq vwulfw
oldelolw|1
Lq rughu wr h{soruh wklv lvvxh pruh ixoo|/ zh prgho rwkhu vwdqgdugv ri surri e|
lqwurgxflqj wkh lghd ri frkhuhqfh ri mxgjphqwv1 Vshfl￿fdoo|/ frqvlghu wkh xvh ri d
qhjoljhqfh uxoh zkhuh e lv vshqw rq wkh surgxfwlrq ri lqirupdwlrq1 Lq wkdw frqwh{w/
vxssrvh d frxuw krogv d ghihqgdqw oldeoh diwhu revhuylqj wkh hylghqfh e %1 Wkhq/ fr0








Wklv iroorzv ehfdxvh jlyhq +44, lqdghtxdwh fduh lv dw ohdvw dv olnho| xsrq revhuylqj %
dv lw lv xqghu e %1 Dffruglqjo|/ d vwdqgdug ri surri lv frqvlvwhqw zkhq d ghihqgdqw lv
khog oldeoh li R￿s￿E%me￿ :& R fsfE%me￿ dqg qrq0oldeoh li R￿s￿E%me￿ ￿& R fsfE%me￿/ zkhuh
& lv wkh fulwlfdo olnholkrrg udwlr fkdudfwhul}lqj wkh sduwlfxodu vwdqgdug1 Suhsrqghudqfh
ri wkh hylghqfh vdwlv￿hv wkhvh uhtxluhphqwv iru & ’￿ / zkhuhdv &:￿ |lhogv d vwurqjhu
vwdqgdug1 E| frqwudvw/ zlwk &￿￿ ohvv frqylqflqj hylghqfh lv vx!flhqw1
Wkh frqglwlrq iru frqvlvwhqf| fruuhvsrqgv wr wkh uhtxluhphqwv ri d prvw srzhuixo
whvw lq vwdwlvwlfv1 Wr vhh wklv/ frqvlghu d udqgrpl}hg surfhgxuh wr whvw wkh k|srwkhvlv
ri kljk yhuvxv orz fduh1 Xsrq revhuylqj %/ wkh surfhgxuh hlwkhu uhmhfwv ru dffhswv wkh
k|srwkhvlv ri kljk fduh zlwk suredelolw| ￿E%￿ dqg ￿￿￿E%￿ uhvshfwlyho|1 Ohw k dqg q
ghqrwh wkh vljql￿fdqfh ohyho dqg wkh srzhu ri wkh whvw/
k ’
]
￿E%￿sfE% me￿_% dqg q ’
]
￿E%￿s￿E% me￿_% 1 +45,
Iurp Qh|pdq0Shduvrq*v ixqgdphqwdo ohppd/ pd{lpl}lqj srzhu iru d jlyhq vljql￿0
fdqfh ohyho lpsolhv d uhmhfwlrq uxoh vdwlvi|lqj wkh deryh frqvlvwhqf| frqglwlrq iru vrph
&1: Ri frxuvh/ zkhq k￿￿/ wkh uhvxowlqj ￿ lv htxlydohqw wr d qhjoljhqfh uxoh1
Ohwwlqj qEkce￿ ghqrwh wkh uhvxowlqj srzhu ixqfwlrq ghwhuuhqfh ehfrphv
BEkce￿’R￿qEkce￿ ￿ Rfkc k 5 dfc￿o￿ +46,
Wkh pdlq dgydqwdjh ri lqwurgxflqj vxfk d ghwhuuhqfh ixqfwlrq yld Qh|pdq0Shduvrq*v
ohppd lv wkdw zh fdq xvh edvlf suredelolw| wkhru| wr ghulyh wkh iroorzlqj uhvxow1
Ohppd 61 Wkh ghwhuuhqfh ixqfwlrq BEkc￿￿ lv frqfdyh dqg slhfh0zlvh gl￿huhqwldeoh
zlwk BkEkc￿￿’RfE& ￿ ￿￿/ zkhuh & lv wkh fruuhvsrqglqj fulwlfdo olnholkrrg udwlr1 Ixu0
wkhupruh/
ER￿ ￿Rf￿k ￿ BEkc￿￿ ￿ R￿ ￿kRfck 5 dfc￿oc +47,
:Wkdw lv/ #+{,@4li s4i4+{mh, An s 3i3+{mh, dqg #+{,@3li s4i4+{mh, ?n s 3i3+{mh,1 Zkhq
wkh vhw zkhuh wkh htxdolw| krogv kdv srvlwlyh phdvxuh/ wkh fulwlfdo ixqfwlrq fdq dovr eh }hur0rqh lq
vxfk d zd| dv wr vdwlvi| ￿1Suhsrqghudqfh ri wkh hylghqfh 43
zlwk BEkc￿￿ ￿ ER￿ ￿Rf￿k li dqg rqo| li sf ￿ s￿1
Surri1 Vhh dsshqgl{1
Iljxuh 4 pdsv ghwhuuhqfh ixqfwlrqv dffruglqj wr wkh vwdqgdug frqfhsw ri lqirupd0
wlyhqhvv11 Dv lv zhoo nqrzq/ wkh vwdwlvwlfdo gh￿qlwlrq ri d pruh lqirupdwlyh h{shulphqw
lv wkdw lw doorzv pruh srzhu iru doo vljql￿fdqfh ohyhov1; Frqvhtxhqwo|/ lq wkh fxuuhqw
vhwwlqj pruh lqirupdwlyh hylghqfh lqfuhdvhv ghwhuuhqfh iru doo ydoxhv ri k1
Wkh olqhv odehohg ^ dqg ￿ ghslfw wkh h{wuhph fdvhv zkhuh wkh srvw0dfflghqw hyl0
ghqfh frqwdlqv hlwkhu qr ru shuihfw lqirupdwlrq1 Dqdo|wlfdoo|/ ^ dqg ￿ duh jlyhq e| wkh
uljkw dqg ohiw kdqg vlgh ri +47, uhvshfwlyho|1 Lq wkh lqvwdqfh looxvwudwhg e| ^/ frxuwv
kdyh qr uhohydqw lqirupdwlrq eh|rqg wkh rffxuuhqfh ri dfflghqw1 Ghwhuuhqfh lv wkhq
pd{lpl}hg e| k ’￿ / zklfk fruuhvsrqgv wr vwulfw oldelolw|1 Dw wkh rwkhu h{wuhph/ zlwk
shuihfw lqirupdwlrq wkh pd{lpxp lv uhdfkhg dw k ’fdqg q ’￿ 1 Wklv lv wkh fdvh
xvxdoo| glvfxvvhg lq wkh olwhudwxuh1 Khuh qhjoljhqfh fohduo| surgxfhv pruh ghwhuuhqfh
wkdq vwulfw oldelolw|1
Ilj14= Ghwhuuhqfh ixqfwlrqv
Lq wkh ￿jxuh/ wzr dgglwlrqdo lqirupdwlrq v|vwhpv kdyh ehhq uhsuhvhqwhg1 Wkh
v|vwhp odehohg o fdqqrw eh h!flhqw li lqirupdwlrq lv frvwo|1 Wklv lv wkh shfxoldu
fdvh glvfxvvhg hduolhu zkhuh hylghqfh lv lqirupdwlyh exw qrw vx!flhqwo| vr1 Pd{lpdo
ghwhuuhqfh uhpdlqv dw B7 mxvw dv xqghu wkh ohvv h{shqvlyh uhjlph ri vwulfw oldelolw|1
;Wklv gh￿qlwlrq lv htxlydohqw wr wkh vwdwhphqw wkdw ohvv lqirupdwlyh yduldeohv fdq eh rewdlqhg e|
dgglqj qrlvh wr pruh lqirupdwlyh rqhv +Eodfnzhoo/ 4<86,1 Lq whupv ri i3 dqg i4/ pruh lqirupdwlyh lv
htxlydohqw wr d phdq suhvhuylqj vsuhdg ri i4@i3 frqvlghuhg dv d udqgrp yduldeoh1 Vhh Ghprxjlq dqg
Ioxhw +4<<<, iru dq h{dpsoh ri wkhvh htxlydohqfh uhvxowv lq d pruh jhqhudo sulqflsdo0djhqw sureohp1Suhsrqghudqfh ri wkh hylghqfh 44
E| frqwudvw/ xqghu lqirupdwlrq v|vwhp | ghwhuuhqfh lv pd{lpl}hg dw kW
| ￿ ￿/ ohdg0
lqj wr B
W
| :B 71 Dsso|lqj wkh uhvxowv iurp wkh iruhjrlqj vhfwlrq/ vxfk d ghwhuuhqfh ohyho
uhtxluhv qhjoljhqfh zlwk suhsrqghudqfh ri wkh hylghqfh1 Wkdw wkh rswlpdo vwdqgdug
ri surri lv suhsrqghudqfh dovr rewdlqv iurp ohppd 6 e| revhuylqj wkdw dq lqwhulru
vroxwlrq lpsolhv BkEkW
|ce |￿’f / zklfk rffxuv iru & ’￿ 1<
Iljxuh 4 doorzv d vwudljkwiruzdug dqdo|vlv ri wkh lqfhqwlyhv lqgxfhg e| rwkhu vwdq0
gdugv ri surri1 Iurp wkh ohppd/ k lv qrq0lqfuhdvlqj lq &1 Qrz frqvlghu d vlwxdwlrq
zkhuh wkh lqirupdwlrq v|vwhp lv uhsuhvhqwhg e| |1 Iru vrph &:￿/ wkh vljql￿fdqfh
ohyho zloo eh vpdoohu wkdq k1 Xqghu vxfk d vwdqgdug/ wkh qhjoljhqfh uxoh surgxfhv ohvv
ghwhuuhqfh wkdq vwulfw oldelolw|/ ghvslwh kljkhu lqirupdwlrq frvwv gxh wr wkh qhfhvvlw|
ri dftxlulqj dqg surfhvvlqj hylghqfh1
Wklv xqghuolqhv wkh lpsruwdqfh ri fduhixoo| fkdudfwhul}lqj qhjoljhqfh uxohv lq whupv
ri wkhlu vwdqgdug ri surri zkhq frpsdulqj oldelolw| uhjlphv dfurvv frxqwulhv1 Wkh
iroorzlqj srvlwlyh vwdwhphqw xqghuvfruhv wklv srlqw1
Sursrvlwlrq 51 Frqvlghu d qhjoljhqfh uxoh zlwk d &0vwdqgdug ri surri +l1h1 xqghu wkh
vwdqgdug vrph ghihqgdqwv duh revhuyhg wr hvfdsh oldelolw|,1 Li & ￿ ￿/ wkhq ghwhuuhqfh
lv dv dw ohdvw dv odujh dv xqghu wkh vwulfw oldelolw| uxoh1 Iru &:￿ wklv uhvxow fdqqrw
eh jxdudqwhhg1
Surri1 Zlwk d &0vwdqgdug ri surri wkh ghihqgdqw lv khog oldeoh li R￿s￿E%me￿ :
&RfsfE%me￿ dqg qrq0oldeoh rwkhuzlvh1 Ohw kE&￿ ghqrwh wkh uhvxowlqj vljql￿fdqfh ohyho1
Vlqfh vrph ghihqgdqwv duh irxqg qrq0qhjoljhqw/ kE&￿ ￿ ￿1L i & ￿ ￿/ kW ￿ kE&￿ ￿
￿/ zkhuh kW pd{lpl}hv BEkce￿1 Uhfdoolqj wkdw BE￿ce￿’B7/ wkh frqfdylw| ri wkh
ghwhuuhqfh ixqfwlrq wkhq lpsolhv BEkE&￿ce￿ 5 dB7cBEkWce￿o1 D fdvh zlwk &:￿ lv
glvfxvvhg deryh dqg looxvwudwhg lq wkh ￿jxuh1
Wkh sursrvlwlrq jxdudqwhhv wkdw xqghu frpprq odz wkh qhjoljhqfh uxoh jhqhudwhv
dw ohdvw dv pxfk ghwhuuhqfh dv vwulfw oldelolw|1 Wklv vwdqgv lq vkdus frqwudvw zlwk wkrvh
flylo odz v|vwhpv zkhuh wkh vwdqgdug ri surri iru d ￿qglqj ri qhjoljhqfh lv vwurqjhu
wkdq suhsrqghudqfh +l1h1 &:￿￿1 Khuh revhuylqj wkdw qrw doo ghihqgdqwv duh khog
oldeoh grhv qrw suhfoxgh d ohyho ri ghwhuuhqfh orzhu wkdq B7143
81 Plqlpl}lqj lqirupdwlrq Frvwv
Lq wklv vhfwlrq/ zh h{dplqh pruh irupdoo| wkh lpsolfdwlrq ri udlvlqj wkh lqirupdwlrqdo
txdolw| ri hylghqfh1 Vlqfh dftxlulqj pruh dffxudwh hylghqfh vkrxog udlvh vrflhw|*v
lqirupdwlrqdo frvwv/ zh lpsrvh wkh iroorzlqj frqglwlrq1
Dvvxpswlrq= Iru dq| e ￿ f/ qEkce￿ lv frqwlqxrxv dqg qrqghfuhdvlqj lq e/ zlwk
qEkcf￿ ’ k1
<Vwulfwo| vshdnlqj/ wkh dujxphqw uhtxluhv wkdw ￿￿+￿￿
w>h w, h{lvwv1 Krzhyhu/ hyhq zkhq lw grhv qrw
n @4uhpdlqv d vroxwlrq1
43Lqwhuhvwlqjo|/ frxqwulhv olnh Jhupdq| zklfk xvh d vwurqj vwdqgdug iru d ￿qglqj ri qhjoljhqfh/
riwhq uhyhuvh wkh exughq ri surri1 Wkrxjk wklv lv eh|rqg wkh vfrsh ri wkh fxuuhqw prgho/ lqwxlwlrq
vxjjhvwv wkdw lw frxog eh htxlydohqw wr n?4/ wkhuhe| jxdudqwhhlqj ghwhuuhqfh odujhu wkdq ￿V1Suhsrqghudqfh ri wkh hylghqfh 45
Wkh iruhjrlqj glvfxvvlrq uhjduglqj wkh vwdqgdug ri surri fdq qrz eh uhlqwhusuhwhg
lq whupv ri lqirupdwlrqdo frvwv1 Vxssrvh vrflhw| zdqwv wr dwwdlq ghwhuuhqfh ohyho
B:B 71 Dv fdq eh vhhq iurp ￿jxuh 5/ dq| vwdqgdug rwkhu wkdq suhsrqghudqfh ri wkh
hylghqfh lpsolhv vshqglqj pruh uhvrxufhv rq jdwkhulqj dqg surfhvvlqj hylghqfh1
Ilj1 5= Plqlpl}lqj lqirupdwlrq frvwv
Wklv vxjjhvwv d uhlqwhusuhwdwlrq ri sursrvlwlrq 41 Lq rxu ghulydwlrq/ wkh h!flhqf|
ri wkh suhsrqghudqfh vwdqgdug xqghu qhjoljhqfh zdv rewdlqhg e| revhuylqj wkdw/ iru
dq| ohyho ri lqirupdwlrq frvwv/ pd{lpl}lqj ghwhuuhqfh lv d qhfhvvdu| frqglwlrq iru
vroylqj wkh ryhudoo rswlpl}dwlrq sureohp1 Krzhyhu/ li doo wruw0ihdvruv kdyh zhdowk
juhdwhu wkdq vrph ￿ : f +l1h1 ME￿￿’f ,/ wkh vdph orjlf grhv qrw krog1 Iru h{dpsoh/
xvlqj ￿jxuh 5/ vxssrvh B zhuh hqrxjk wr lqgxfh doo sduwlflsdqwv wr xqghuwdnh h!flhqw
fduh1 Wkhq zlwk v|vwhp r wkh vwdqgdug ri surri jhqhudwlqj kWW zrxog dovr doljq doo
lqglylgxdo lqfhqwlyhv/ hyhq wkrxjk lw grhv qrw pd{lpl}h ghwhuuhqfh1 Krzhyhu/ wkdw
frpelqdwlrq zrxog qrw eh h!flhqw ehfdxvh vrflhw| fdq rewdlq wkh vdph ehkdylru iurp
srwhqwldo lqmxuhuv e| xvlqj wkh ohvv lqirupdwlyh dqg ohvv frvwo| v|vwhp o wrjhwkhu zlwk
kW/ wkdw lv wrjhwkhu zlwk suhsrqghudqfh ri wkh hylghqfh1
Sursrvlwlrq 61 Wkh rqo| vfkhphv plqlpl}lqj lqirupdwlrq frvwv iru wkh ohyho ri gh0
whuuhqfh dfklhyhg duh hlwkhu vwulfw oldelolw| ru wkh qhjoljhqfh uxoh wrjhwkhu zlwk suh0
srqghudqfh ri wkh hylghqfh1
Wr frqfoxgh/ zh eulh | glvfxvv wkh frvw0ehqh￿w frpsdulvrq ri vwulfw oldelolw| dqg
qhjoljhqfh1 Uhfdoo wkdw h!flhqf| frqvlghudwlrqv uhtxluh wkdw d qhjoljhqfh uxoh dozd|v
surylghv juhdwhu ghwhuuhqfh1 Vlqfh wklv lpsolhv d wkuhvkrog ohyho ri lqirupdwlrq frvwv/Suhsrqghudqfh ri wkh hylghqfh 46
wkhuh lv frqvhtxhqwo| d qrq0frqyh{ wudgh0r￿ ehwzhhq wkh dgglwlrqdo frvwv dqg wkh
ehqh￿wv iurp juhdwhu ghwhuuhqfh144
Xqghu vwulfw oldelolw| d sursruwlrq ME￿7￿ ri srwhqwldo lqmxuhuv h{huw lqdghtxdwh
fduh/ zkhuh ￿7 ’ S*ER￿ ￿ Rf￿1 Xqghu d qhjoljhqfh uxoh/ wkh sursruwlrq ri fduhohvv
lqglylgxdov lv ME￿￿￿ zkhuh ￿￿ ’ S*B1 Wkh jurvv ehqh￿wv iurp xvlqj qhjoljhqfh
udwkhu wkdq vwulfw oldelolw| duh wkhq
￿EB￿’d ME￿7￿ ￿ ME￿￿￿odER￿ ￿ Rf￿u ￿Soc +48,
wkh lqfuhdvhg sursruwlrq ri djhqwv h{huflvlqj vrfldoo| h!flhqw fduh wlphv wkh qhw ehq0
h￿wv iurp wkdw fduh1 Wklv h{suhvvlrq whqgv wr }hur dv B dssurdfkhv R￿ ￿ Rf dqg lw
lv rwkhuzlvh lqfuhdvlqj lq ghwhuuhqfh/ dw ohdvw xs wr wkh srlqw zkhuh doo djhqwv duh















Iljxuh 6= Frvw0ehqh￿w frpsdulvrq ri wruw uxohv
Vlqfh wkh frvw ri vwulfw oldelolw| lv }hur lq wkh suhvhqw dqdo|vlv/ eEB￿ p d |e hl q w h u 0
suhwhg dv wkh dgglwlrqdo frvwv lqfxuuhg xqghu dq h!flhqw qhjoljhqfh uxoh dv d ixqfwlrq
ri wkh ohyho ri ghwhuuhqfh lw surylghv1 Zulwlqj wkhvh frvwv dv shu0dfflghqw h{shqglwxuhv/
wkh frvw ri qhjoljhqfh frpsduhg wr vwulfw oldelolw| lv wkhuhiruh
￿EB￿’d Rf nE R￿ ￿ Rf￿ME￿￿￿o eEB￿c +49,
wkh dyhudjh suredelolw| ri dfflghqw xqghu qhjoljhqfh wlphv wkh dgglwlrqdo shu0dfflghqw
h{shqglwxuhv xqghu wkdw uxoh1 Wkh h{shfwhg qxpehu ri dfflghqwv lv ghfuhdvlqj lq
44Qrq0frqyh{lw| lv d zhoo nqrzq fkdudfwhulvwlf ri wkh ydoxh ri lqirupdwlrq lq wkh vwdqgdug ghflvlrq
wkhruhwlf frqwh{w +fi1 Udgqhu dqg Vwljolw}/ 4<;7,1Suhsrqghudqfh ri wkh hylghqfh 47
ghwhuuhqfh zkloh eEB￿ lv lqfuhdvlqj/ vr wkdw ￿EB￿ pd| eh hlwkhu lqfuhdvlqj ru ghfuhdvlqj1
Krzhyhu/ zh nqrz wkdw dv B ghfuhdvhv wr R￿ ￿Rf/ wkh frvwv whqg wr
R
7 e ’d Rf nE R￿ ￿Rf￿ME￿7￿o e : fc
wkh h{shfwhg qxpehu ri dfflghqw xqghu vwulfw oldelolw| wlphv wkh shu0dfflghqw frvw
wkuhvkrog xqghu qhjoljhqfh ￿ ghqrwhg e| e1
D qhjoljhqfh uxoh zlwk d ghwhuuhqfh ohyho B lv ehwwhu wkdq vwulfw oldelolw| li ￿EB￿ ￿
￿EB￿1 Lq ￿jxuh 6/ wklv fruuhvsrqgv wr d vlwxdwlrq zkhuh wkh jdwkhulqj dqg surfhvvlqj
ri hylghqfh xqghu qhjoljhqfh lv vx!flhqwo| lqirupdwlyh wr surylgh ghwhuuhqfh juhdwhu
wkdq Bf1 Lq wkh ￿jxuh/ wkh ehvw vlwxdwlrq lv lq idfw d qhjoljhqfh uxoh zlwk ohyho ri
lqirupdwlyhqhvv dvvrfldwhg zlwk ghwhuuhqfh B
W1
Ri frxuvh/ li wkh frvw fxuyh zhuh dozd|v deryh wkh jurvv ehqh￿w fxuyh/ wkhq wkh
ehvw uxoh zrxog eh vwulfw oldelolw|1 Wkxv/ qhjoljhqfh pdnhv vhqvh rqo| li wkhuh lv d
wkuhvkrog lqfuhdvh lq ghwhuuhqfh dqg rqo| li wkh lqirupdwlrq frvwv wkdw wklv lpsolhv
duh zruwk wkh ehqh￿wv iurp juhdwhu ghwhuuhqfh1
91 Frqfoxglqj Frpphqwv
Rxu dqdo|vlv doorzv vrph vwurqj frqfoxvlrqv1 Iluvw/ wkh qhjoljhqfh uxoh dv xvxdoo|
xqghuvwrrg xqghu frpprq odz ￿ zlwk suhsrqghudqfh ri wkh hylghqfh dqg d srvlwlyh
suredelolw| ri hvfdslqj oldelolw| iru qrq0qhjoljhqw ghihqgdqwv ￿ vdwlv￿hv d qhfhvvdu|
frqglwlrq iru frvw0h!flhqf|1 Vshfl￿fdoo|/ iru wkh ohyho ri ghwhuuhqfh wkdw lw surylghv/
wkh uxoh plqlpl}hv lqirupdwlrqdo uhtxluhphqwv> li wkh surfhvv e| zklfk lqirupdwlrq
lv surgxfhg lv qrw lwvhoi zdvwhixo/ wkhq wkh uxoh plqlpl}hv lqirupdwlrq frvwv iru wkh
ohyho ri ghwhuuhqfh dfklhyhg1 Vhfrqgo|/ qhjoljhqfh wrjhwkhu zlwk suhsrqghudqfh qhyhu
surylghv ohvv ghwhuuhqfh wkdq vwulfw oldelolw|1 Lq idfw/ wklv frqfoxvlrq ghshqgv fuxfldoo|
rq suhsrqghudqfh dqg grhv qrw h{whqg wr vwulfwhu vwdqgdugv ri surri/ vxfk dv wkrvh
xvxdoo| uhtxluhg zlwklq wkh flylolvw wudglwlrq1
Rxu ￿qglqjv frqwudvw zlwk nqrzq uhvxowv rq wkh surshuwlhv ri d qhjoljhqfh uxoh
zkhq wkh ghihqgdqwv* fduh lv lpshuihfwo| revhuydeoh1 Iru h{dpsoh/ lq Fudvzhoo dqg
Fdoihh +4<;9, dqg Vkdyhoo +4<;:, wruw0ihdvruv duh qrw zhdowk frqvwudlqhg1 Lw lv vkrzq
wkdw zlwk d qhjoljhqfh uxoh erwk xqghu dqg ryhusurgxfwlrq ri fduh duh srvvleoh uhodwlyh
wr wkh ￿uvw0ehvw1 Iurp rxu dqdo|vlv/ xqghusurylvlrq ri fduh zrxog qrw eh srvvleoh li
qhjoljhqfh lv gh￿qhg lq whupv ri suhsrqghudqfh ri wkh hylghqfh1 Wklv iroorzv ehfdxvh
qhjoljhqfh wkhq jhqhudwhv dw ohdvw dv pxfk ghwhuuhqfh dv vwulfw oldelolw|/ zklfk douhdg|
dwwdlqv wkh ￿uvw0ehvw lq vxfk d frqwh{w1
Krzhyhu/ wkdw olwhudwxuh dovr udlvhv wkh lvvxh ri ryhughwhuuhqfh1 Lq rxu prgho/ wkh
sureohp fdqqrw dulvh vlqfh e| dvvxpswlrq wkhuh duh rqo| wzr srvvleoh ohyhov ri fduh1
Vxssrvh krzhyhu zh zhuh wr lqwurgxfh dq dgglwlrqdo ohyho dvvxphg wr eh h{fhvvlyh
frpsduhg wr wkh ￿uvw0ehvw/ |hw nhhs wkh vroxwlrq xqfkdqjhg dw eW dqg & ’￿ 1 Zrxog
ryhusurgxfwlrq eh srvvleoh lq vxfk d vlwxdwlrqB Lw lv hdv| wr frqvwuxfw fdvhv zkhuh
lw frxog rewdlq iru djhqwv zlwk zhdowk ryhu d fhuwdlq ohyho1 Dv d uhvxow/ d wudgh0r￿
zrxog qrz h{lvw ehwzhhq doljqlqj wkh lqfhqwlyhv ri wkh ohdvw zhdowk| dqg ryhughwhuulqj
wkh ulfk1 Krz zrxog wkh rswlpdo phfkdqlvp dgmxvwB Lq sduwlfxodu/ zkdw zrxog ehSuhsrqghudqfh ri wkh hylghqfh 48
wkh h￿hfw rq wkh vwdqgdug ri surriB D frpsohwh dqvzhu lv eh|rqg wkh vfrsh ri wklv
sdshu/ pdlqo| ehfdxvh lw zrxog uhtxluh dgglwlrqdo dvvxpswlrqv zlwk uhvshfw wr wkh
fkdudfwhulvwlfv ri lqirupdwlrq v|vwhpv1 Pruhryhu/ rqh gl!fxow| zklfk qrz dulvhv lv
wkdw gxh fduh pd| glyhujh iurp wkh ￿uvw0ehvw vroxwlrq1 Iru lqvwdqfh/ vxssrvh wkdw
￿h{fhvvlyh￿ fduh lv shuihfwo| uhyhdohg h{ srvw dw qr dgglwlrqdo frvwv1 Vrflhw| pljkw
wkhq jdlq e| lpsohphqwlqj wkdw ohyho/ wkhuhe| vdylqj doo lqirupdwlrq frvwv1 Wkxv/ zh
kdyh dowrjhwkhu d frpsoh{ wudgh0r￿ ehwzhhq wkh fkrlfh ri fduh/ lqirupdwlrq frvwv dqg
ghwhuuhqfh1
Zh frqfoxgh zlwk wzr uhpdunv1 Iluvw/ lq rxu dqdo|vlv/ wkh surgxfwlrq ri hylghqfh
lv wuhdwhg dv d eodfn er{1 Lw lv fohdu wkdw rqh pd| hqtxluh zkhwkhu wkh surfhvv e|
zklfk hylghqfh lv surgxfhg lv lwvhoi h!flhqw1 Wklv surfhvv lqyroyhv wkh ghihqgdqw dqg
wkh sodlqwl￿/ dv zhoo dv wkh frxuw v|vwhp lwvhoi/ lqfoxglqj uxohv ri surfhgxuh/ wkh uroh
dqg txdolw| ri frxuw r!fldov/ hwf1 Vrph ri wkh sureohpv wklv udlvhv duh dgguhvvhg
lq wkh olwhudwxuh1 Iru lqvwdqfh/ lw kdv uhfhqwo| ehhq vxjjhvwhg wkdw dq dgyhuvduldo
v|vwhp pljkw eh dq h!flhqw zd| ri surgxflqj hylghqfh/ dv rssrvhg wr qrq sduwlvdq
surfhgxuhv145
Ilqdoo|/ zh kdyh dqdo|}hg d fdvh zkhuh qhjoljhqfh pd| eh ehwwhu wkdq vwulfw old0
elolw| ehfdxvh vrph djhqwv kdyh olplwhg vroyhqf|1 Wkhuh duh rwkhu fdvhv/ iru lqvwdqfh
wkh vr0fdoohg elodwhudo fduh vlwxdwlrq zkhuh wkh suredelolw| ri kdup ghshqgv rq wkh
dfwlrqv ri erwk wkh srwhqwldo lqmxuhu dqg srwhqwldo ylfwlp1 Wkh wudglwlrqdo qhjoljhqfh
uxoh khuh lv iru wkh lqmxuhu wr eh oldeoh rqo| li vkrzq qhjoljhqw/ zkloh wkh ylfwlp lv qrw
ghhphg qhjoljhqw1 Dqrwkhu h!flhqw uxoh iru wklv fdvh/ dw ohdvw xqghu shuihfw lqirupd0
wlrq/ lv vwulfw oldelolw| rq wkh lqmxuhu zlwk d ghihqvh ri frqwulexwru| qhjoljhqfh zlwk
uhvshfw wr wkh ylfwlp*v ehkdylru1 Dq h{whqvlrq ri wkh suhvhqw dqdo|vlv lv wr h{dplqh
zkhwkhu wkhvh uxohv duh htxlydohqwo| h!flhqw zkhq lqirupdwlrq lv frvwo|/ dqg zkhwkhu
suhsrqghudqfh ri hylghqfh uhpdlqv wkh frvw0h!flhqw vwdqgdug ri surri lq wklv frqwh{w1
Dsshqgl{
Ehiruh surylqj ohppd 6/ zh pdnh wkh iroorzlqj fodlp=
Fodlp1 Iru dq| e/o h w￿E%￿ eh wkh fulwlfdo ixqfwlrq ri d prvw srzhuixo whvw ri vl}h
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zkhuh wkh frqglwlrqv rq ￿ duh wdnhq wr krog d1h1 dqg q
3
kEkce￿ ghqrwhv wkh ohiw kdqg
ghulydwlyh1
45Wklv lv dujxhg lq Ghzdwulsrqw dqg Wluroh +4<<<,1 Vhh dovr Plojurp dqg Urehuwv +4<;9, dqg
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Iurp edvlf suredelolw| wkhru|46/ qEkce￿ lv qrqghfuhdvlqj dqg frqfdyh lq k> iurp wkhvh
surshuwlhv/ qEkce￿ lv slhfh0zlvh gl￿huhqwldeoh lq k1 Qrz/ vxssrvh wkh ￿uvw vwdwhphqw
lv qrw wuxh1 Ohw
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kEkce￿0￿ +D9,
Li 0 ’f / wklv lv d frqwudglfwlrq> li 0:f/ wkh uhvxow lv lqfrpsdwleoh zlwk wkh frqfdylw|
ri q lq k1
Li wkh vhfrqg vwdwhphqw grhv qrw krog/ wkhq d vlplodu dujxphqw ohdgv wr
qEk ￿0ce￿ :q Ekce￿ ￿ q
3
kEkce￿0 +D:,
zkhuh 0 ￿ f1 Djdlq/ wklv lv hlwkhu frqwudglfwru| li 0 ’fru lqfrpsdwleoh zlwk
frqfdylw| li 0:f1
Surri ri ohppd 61 Wkh frqfdylw| dqg slhfh0zlvh gl￿huhqwldelolw| ri BEkc￿￿ iroorz
gluhfwo| iurp wkh vdph surshuwlhv ri qEkc￿￿1 Iurp wkh iruhjrlqj fodlp/ li & lv dq|
fulwlfdo olnholkrrg udwlr iru d whvw ri vl}h k/ wkhq q
3
kEkce￿ ￿ & ￿ q
n
kEkce￿1 Wkxv/
zkhqhyhu qkEkce￿ h{lvwv BkEkce￿’RfE& ￿ ￿￿1 Ilqdoo|/ jlyhq wkh dvvxpswlrq ri
ghqvlw| ixqfwlrqv/ qE￿ce￿’￿dqg k￿q Ekce￿ ￿ ￿ iru doo k 5 Efc￿￿/ xqohvv sf ￿ s￿
lq zklfk fdvh q ’ k iru doo k1
Uhihuhqfhv
Eodfnzhoo/ G1 +4<86,/ ￿Frpsdulvrq ri H{shulphqwv￿/ Dqqdov ri Pdwkhpdwlfdo Vwd0
wlvwlfv/ Yro1 57/ s1 59805:51
46Vhh iru lqvwdqfh Ohkpdqq +4<;9,1Suhsrqghudqfh ri wkh hylghqfh 4:
Fduovrq/ O1 F11 hw do +4<<:,/ Hylghqfh= Whdfklqj Pdwhuldov iru dq Djh ri Vflhqfh
dqg Vwdwxwhv// 7wk Hg11/ Plfklh Odz Sxeolvkhuv/ Fkduorwwhvylooh/ Ylujlqld11
Fudvzhoo/ U1 dqg M1 H1 Fdoihh +4<;9,/ ￿Ghwhuuhqfh dqg xqfhuwdlq ohjdo vwdqgdugv￿/
Mrxuqdo ri Odz/ Hfrqrplfv dqg Rujdql}dwlrq 5/ 5:<06361
Gdylv/ P1 O1/ +4<<7,/ ￿Wkh ydoxh ri wuxwk dqg rswlpdo vwdqgdug ri surri lq ohjdo
glvsxwhv￿/ Mrxuqdo ri Odz/ Hfrqrplfv dqg Rujdql}dwlrq 43/ 676068<1
Ghprxjlq/ G1 dqg F1 Ioxhw +4<<;,/ ￿Prqlwrulqj yv lqfhqwlyhv￿/ Hxurshdq Hfrqrplf
Uhylhz/ wr dsshdu1
Ghprxjlq/ G1 dqg F1 Ioxhw +4<<<,/ ￿Udqnlqj ri lqirupdwlrq v|vwhpv lq djhqf|
prghov= dq lqwhjudo frqglwlrq￿/ Hfrqrplf Wkhru|/ wr dsshdu1
Ghzdwulsrqw/ P1 dqg M1 Wluroh +4<<<,/ ￿Dgyrfdwhv￿/ Mrxuqdo ri Srolwlfdo Hfrqrp|
43:/ 406<1
Hjjohvwrq/ U1 +4<;6,/ Hylghqfh/ Surri dqg Suredelolw|/ 5qg Hg11/ Zhlghqihog dqg
Qlfrovrq/ Orqgrq1
Ilhqehuj/ V1/ Hg11 +4<;;,/ Wkh Hyroylqj Uroh ri Vwdwlvwlfdo Dvvhvvphqwv dv Hylghqfh
lq wkh Frxuwv/ Vsulqjhu0Yhuodj/ Qhz \run1
Ioxhw/ F1 +4<<<,/ ￿U￿jxodwlrq ghv ulvtxhv hw lqvroydelolw￿= oh u￿oh gh od uhvsrqvdelolw￿
srxu idxwh hq lqirupdwlrq lpsduidlwh￿/ Dfwxdolw￿ ￿frqrpltxh :8 +406,/ 6:<07331
Kd|/ E1 O1 dqg N1 H1 Vslhu +4<<:,/ ￿Exughqv ri surri lq flylo olwljdwlrq= dq hfrqrplf
shuvshfwlyh￿/ Mrxuqdo ri Ohjdo Vwxglhv 59/ 74607641
Ndsorz/ O1 +4<<7,/ ￿Wkh ydoxh ri dffxudf| lq dgmxglfdwlrq￿/ Mrxuqdo ri Ohjdo Vwxglhv
56/ 63:07351
Ndsorz/ O1 dqg Vkdyhoo +4<<7,/ ￿Dffxudf| lq wkh ghwhuplqdwlrq ri oldelolw|￿/ Mrxuqdo
ri Odz dqg Hfrqrplfv 6:/ 40481
Ohkpdqq/ H1 O11 +4<;9,/ Whvwlqj Vwdwlvwlfdo K|srwkhvhv/ 5qg Hg11/ Zloh|/ Qhz \run1
Plojurp/ S1 dqg M1 Urehuwv +4<;9,/ ￿Uho|lqj rq wkh lqirupdwlrq ri lqwhuhvwhg sdu0
wlhv￿/ Udqg Mrxuqdo ri Hfrqrplfv 4:/ 4;0651
Srolqvn|/ P1 D1 dqg V1 Vkdyhoo +4<;<,/ ￿Ohjdo huuru/ olwljdwlrq / dqg wkh lqfhqwlyh wr
reh| wkh odz￿/ Mrxuqdo ri Odz/ Hfrqrplfv dqg Rujdql}dwlrq 8/ <<043;1
Srvqhu/ U1 D1 +4<:6,/ ￿Dq hfrqrplf dssurdfk wr ohjdo surfhgxuh dqg mxglfldo dg0
plqlvwudwlrq￿/ Mrxuqdo ri Ohjdo Vwxglhv 5/ 6<<078;1Suhsrqghudqfh ri wkh hylghqfh 4;
Udgqhu/ U1 dqg M1 H1 Vwljolw} +4<;7,/ ￿D qrqfrqfdylw| lq wkh ydoxh ri lqirupdwlrq￿/
lq P1 Er|hu dqg U1 H1 Nlkovwurp +hgv1,/ Ed|hvldq Prghov lq Hfrqrplf Wkhru|/
Qruwk Kroodqg/ Qhz \run/ 660851
Uxelqihog/ G1 O1 dqg G1 H1 Vdsslqjwrq +4<;:,/ ￿H!flhqw dzdugv dqg vwdqgdugv ri
surri lq mxglfldo surfhhglqjv￿/ Udqg Mrxuqdo ri Hfrqrplfv 4;/ 63;064;1
Vdqfklulfr/ F1 Z1 +4<<:,/ ￿Wkh exughq ri surri lq flylo olwljdwlrq= d vlpsoh prgho ri
phfkdqlvp ghvljq￿/ Lqwhuqdwlrqdo Uhylhz ri Odz dqg Hfrqrplfv 4:/ 764077:1
Vkdyhoo/ V1 +4<;9,/ ￿Wkh mxgjphqw surri sureohp￿/ Lqwhuqdwlrqdo Uhylhz ri Odz dqg
Hfrqrplfv 5/ 9:0;31
Vkdyhoo/ V1 +4<;:,/ Hfrqrplf Dqdo|vlv ri Dfflghqw Odz/ Kduydug Xqlyhuvlw| Suhvv/
Kduydug1
Vklq/ K1 V1 +4<<;,/ ￿Dgyhuvduldo dqg Lqtxlvlwruldo Surfhgxuhv lq Duelwudwlrq￿/ Udqg
Mrxuqdo ri Hfrqrplfv 5</ 6:;07381
Vreho/ M1 +4<;8,/ ￿Glvforvxuh ri hylghqfh dqg uhvroxwlrq ri glvsxwhv= zkr vkrxog
ehdu wkh exughq ri surriB￿ lq D1 H1 Urwk/ Hg11/ Jdph Wkhruhwlf Prghov ri
Edujdlqlqj/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1
Vxpphuv/ M1 +4<;6,/ ￿Wkh fdvh ri wkh glvdsshdulqj ghihqgdqw= dq hfrqrplf dqdo|vlv￿/
Xqlyhuvlw| ri Shqqv|oydqld Odz Uhylhz 465/ 47804;81
Wuleh/ O1 K1 +4<:4,/ ￿Wuldo e| pdwkhpdwlfv= suhflvlrq dqg ulwxdo lq wkh ohjdo surfhvv￿/
Kduydug Odz Uhylhz ;7/ 465;046<61
]øoohu/ U1 +4<<<,/ ]lylosur}h rugqxqj/ 54vw Hg11/ Yhuodj Gu1 Rwwr Vfkplgw/ Nøoq1